Women (n 160) aged 50 to 65 years were asked to weigh their food for 4 d on four occasions over the period of 1 year, using the PETRA (Portable Electronic Tape Recorded Automatic) scales. Throughout the year, they were asked to complete seven other dietary assessment methods: a simple 24 h recall, a structured 24 h recall with portion size assessments using photographs, two food-frequency questionnaires, a 7 d estimated record or open-ended food diary, a structured food-frequency (menu) record, and a structured food-frequency (menu) record with portion sizes assessed using photographs. Comparisons between the average of the 16 d weighed records and the first presentation of each method indicated that food-frequency questionnaires were not appreciably better at placing individuals in the distribution of habitual diet than 24 h recalls, due partly to inaccuracies in the estimation of frequency of food consumption. With a 7 d estimated record or open-ended food diary, however, individual values of nutrients were most closely associated with those obtained from 16 d weighed records, and there were no significant differences in average food or nutrient intakes. Dietary assessment methods: Weighed intake : Nutritional epidemiology
Recognition of the need for prospective investigation of future individual risk of cancer, and other diseases of middle life, in relation to present day diet is one of the factors that has prompted the search for accurate measures of habitual diet. However, the methodological aims of nutritional epidemiology are inevitably tempered by two opposing interests: that of accuracy in the dietary assessment, and that of feasibility for use in large numbers of individuals, in order to have sufficient power to detect modest relative risks and to demonstrate doseresponse relationships (Bingham, 1987) . As part of the preparation for a large European collaborative study of diet and cancer risk (EPIC, European Prospective Investigation of Cancer) we have therefore assessed the accuracy of various methods commonly used in epidemiological studies of diet in large numbers of subjects. We assessed the accuracy of each method by comparison with 16 d of weighed records kept over 1 year. completion of the 4 d weighing period, on days 5 or 6. Each 4 d period included different days chosen to ensure that all days of the week were studied, and that there was an appropriate ratio of weekend to weekdays included during the year. Subjects who submitted unsatisfactory records for all or part of the 4 d for technical and other reasons were asked to weigh their food for extra days the following season if possible. The weights and verbal descriptions of food consumed were transposed by hand from the tape cassettes using the PETRA master console, and hand-coded for computer calculation of nutrient intake using food tables (Paul & Southgate, 1978; Wiles et al. 1980; Bingham et al. 1990 ). Subjects from practice 1 (group 1) were studied from October 1988-1989, and those from practice 2 (group 2) from October [1989] [1990] .
Other methods
A number of other dietary methods were investigated for comparison with the 16 d weighed record results, and comparisons of means obtained on the first presentation of each method are reported here. Most methods were repeated on two or more occasions and the results of error variance analysis of separate measures are to be reported elsewhere (S. Bingham, M. Plummer, D. Clayton, K. Khaw and N. Day, unpublished results) .
Food-frequency questionnaires. Two food-frequency questionnaires (Oxford and Cambridge) were tested, each with a similar number of total food items (Table 1) and each asking subjects to recall 'average use last year'. The frequency categories of use in both were the same ( Table 1 ). The Cambridge questionnaire devoted more attention to vegetable consumption than the Oxford questionnaire, with this category appearing first and last respectively, and 27 and 18% of total items included respectively. The list of foods included in each category of the Cambridge questionnaire was chosen from foods most commonly eaten in a previous study of a Cambridge population (Bingham et al. 1981 ). The Oxford questionnaire was based on that used in the US Nurses Study (Willett et al. 1985) . The frequency categories were not changed, but the lists of foods were modified by changing American food names to their British equivalent and by using the National Food Survey to identify additional foods which are important sources of nutrients in average British diets (National Food Survey Committee, 1982) .
Nutrient intake was calculated from the questionnaires by multiplying the frequency of food consumption by portion weights to obtain weight of each food consumed (g/d); these were then converted to nutrient intake using an appropriate food-table code. In the Oxford questionnaire, 'medium serving' or units were specified (e.g. pints, slices, teaspoons). The weights of 'medium serving' portions were derived from experience with other dietary surveys and from published values (Crawley, 1988) . In the Cambridge questionnaire no units or portion sizes were specified and average portion weights were obtained from the first season of weighed food records obtained from group 1. Hence in the Oxford questionnaire the portion size assigned to milk for example was 567 g (one pint) but in the Cambridge questionnaire, the portion size for milk was 59 g. Portion sizes of bread were approximately 30 g in the Oxford questionnaire and 50 g in the Cambridge questionnaire. Questionnaires were excluded from the Oxford data if ten or more lines had not been filled in, or because frequency choices of four or more per day designated items (for example, cabbage) had been made. In Cambridge, no exclusions were made and an average frequency choice for that group was assigned to missing lines.
The Cambridge questionnaire was sent to subjects by post as part of recruitment (see above) before they participated in the dietary studies, and the Oxford questionnaire was given to subjects to complete immediately before they started to weigh their food on day 0 in season 3. The final version of the Oxford questionnaire is shown in Fig. 1 24 h recalls. Two types of 24 h recall were tested. The first was unstructured and consisted of a blank sheet of paper and written example attached to the back of the Cambridge food-frequency questionnaire, which was given to the subjects during recruitment before the start of season 1 (see above). Published portion weights were used to calculate nutrient intakes (Crawley, 1988) .
The second was a structured 24 h recall given to subjects to fill in on day 0 of season 2 and collected on day 1. This 24 h recall contained ten pages and was subdivided into seven time periods (e.g. before breakfast, breakfast, between breakfast and lunch) with detailed enquiries as to the amount and type of food eaten. Subjects were asked to give estimates of portion size either by amount or by referring to an accompanying nineteen-page booklet of thirty sets of black and white photographs and two-dimensional shapes of food. Three to four portion choices of each food were shown in each set and most were from those prepared by the Karolinska Institute, Sweden for a similar validation study (Callmer et al. 1993) .
Data for both types of 24 h recall were hand-coded for computer calculation of nutrient intakes, using the same food tables as were used for the weighed records.
Estimated-diet records. Three 7 d estimated-diet records were tested. All were left with the subjects on day 5 or 6 of the protocol to fill in within the next 14d, with a stamped addressed envelope for postal return.
In season 1, subjects received a 7 d structured food-frequency (menu) record (Bingham, 1987) . To avoid confusion, this method is called the 'checklist'. This booklet comprised one page of instructions, one of an example, and seven pages (one for each day) of the checklist. The checklist was a printed list of foods on which subjects were asked to check off which foods they had eaten, counting half for a small portion, and two for a large portion at the end of each day. A space was left for subjects to record foods not present on the printed list, but otherwise the list was precoded for nutrient analysis. The list of foods was largely that of the Cambridge food-frequency questionnaire, with some additions, e.g. soups. Where possible, 'units' (e.g. slices, cups) were specified, or the average portion weights obtained from the chosen food code from the first set of 4 d weighed records (season 1) in group 1 were used to calculate nutrient intake from food tables as above. Season 1 group 1 data were also used to check that the appropriate food code for each item had been chosen. The final list of 160 foods arranged in fourteen sections is shown in Fig. 2 .
In season 4 an attempt was made to gain more accurate information by asking subjects to give individual estimates of portion size using photographs. To simplify the method a condensed set of the fourteen most used sets of photographs and shapes were selected from the thirty sets used to assess portion size in the structured 24 h recall and given to the subjects as a seven page booklet. The number of the appropriate picture set was also preprinted onto the form, and a space was left for subjects to fill in the appropriate portion size.
In Wadsworth, unpublished results). Subjects kept a written record of food consumed at the time of eating and the booklet contained fifteen sets of black and white photographs, taken mostly from the study of Edington et al. (1989) . Each set of photographs had three portion choices. Subjects were allowed to state portion sizes in other measures if they so wished. No part of this diary was precoded but a computer program, DIDO (Data In, Diet Out) was developed specifically for the coding of these booklets for nutrient analysis (F. Key, A. Paul, A. Harter, G. Price, T. Cole and M. Wadsworth, unpublished results). For this diary only, the nutrient composition database was different from that used in the weighed records and all other methods. It included values from the food table supplements for cereals and for milk and milk products (Holland et al. 1988 (Holland et al. , 1989 .
Statistics
Means and standard deviations of untransformed data are presented unless otherwise stated, using the averages of all available days of weighed records and 7 d of food diaries and checklists for each individual. The significance of difference was assessed using paired t tests, except where otherwise stated, and coefficients of variation are calculated as the standard deviation divided by the average of the 16 d weighed records. Using the Statistical Analysis Systems program (version 6.07 ; SAS Institute Inc., Cary, NC, USA), distributions were ranked and then divided into four equal parts and results were tabulated for the weighed records and other methods, in order to see if individuals were ranked similarly by different methods. Only those subjects who had completed the weighed record exactly, that is who submitted four complete dietary records at each of the four seasons, were used for this and correlation analysis.
Results are given for energy, macronutrients, non-starch polysaccharides (NSP), K, Ca, Fe, carotene, retinol, and vitamin C, all of which had less than 1 % 'missing values' in the database. Results are also shown for 'dietary fibre', although the database contained 9 YO missing values.
RESULTS

Participants
Eighty-six subjects in group 1 and ninety-six in group 2 returned completed questionnaires and undertook to take part in the study in the first season. Of these, seventy-nine in group 1 and eighty-one in group 2 completed most or all of the protocol over the year, about 15 % of the original sample. Table 2 shows that there were no significant differences between the two groups in average age, weight, height or social class (assigning 1 to social class I and 5 to social class V). There was also no significant difference in mean energy, macronutrient, NSP or micronutrient intakes calculated from the weighed records between the two groups. Except where otherwise stated, the data were therefore combined for the two groups, giving a total of 160 subjects who completed the study. Table 2 also shows some anthropometric and dietary data from a representative sample of 50-64-year-old British women (Gregory et al. 1990 ). There was no significant difference in body weight between the group of 160 women studied here and the representative population sample of 283 women, but the Cambridge women were significantly taller, and reported significantly greater intakes of energy, macronutrients, vitamin C, Fe and Ca.
Seasonal diferences in consumption reported from the PETRA weighed records, and correlations and variances in nutritional intake
One hundred and sixty subjects completed seasons 1-3, but four subjects had moved out of the area by season 4, so that 156 completed all four seasons. The results of the four subjects who completed only three seasons of data were included in these results. Table 3 shows average nutrient consumption by season. There was a trend towards lower consumption in seasons 3 and 4, and there were significant ( P < 001) differences in carbohydrate (as starch), Ca, Fe and retinol between seasons 4 and 1. Examination of food consumption in each season (results not tabulated) showed that the only significant difference was in soups and sauces; consumption was 390 (SD 286) g in season 1 and 320 (SD 279) g in season 4, P -= 0.01. The difference in Ca consumption was largely accounted for by a (non significant) 30 g reduction in milk consumption in season 4 compared with season 1, and a 4 g reduction in cheddar cheese consumption. There was no obvious change Table 2 . Response rate, diet and anthropometric data from female volunteers aged 50-65 years from two general practices in Cambridge (groups 1 and 2), and some comparisons with data from a representative sample of British women (Gregory et al. 1990) in food consumption to account for the differences in starch. Fe and retinol between seasons 1 and 4. The total weight of food and drink consumed was approximately 2630 g in seasons 1 and 3, and 2560 g in seasons 2 and 4. Table 3 also shows estimates of within-and between-person variance in nutrient intake. Pooled within-person variation was in excess of 100% for alcohol, carotene and retinol, and ranged from 23 YO for energy to 56 YO for vitamin C for the other nutrients. The 16 d of weighed records therefore allowed means of energy, protein, carbohydrate and K to be within 6% standard error for each individual mean on average, and within 10% for all others except vitamin C (14 %) and the highly variable nutrients. In general the betweenperson range was small and the within-person variation exceeded the between-person variation. Table 4 is a correlation matrix between dietary nutrients from the 16 d weighed records. Highest correlations were between NSP and 'fibre' ( I 0.98) and between fat and carbohydrates and total energy, r 0.86 and 0.82 respectively. Sugars and starch separately were less well correlated with energy (r 0-67 and 0.57), and fat as a percentage of energy was poorly correlated with total energy intake (r0.18, data not shown). Protein and carbohydrate as percentages of energy were not correlated with total energy (r -0.45 and 0.00 respectively, data not shown). Alcohol was poorly correlated with total energy intake, and with all other nutrients. K, Ca and protein intakes were interrelated (r 0-70.74), as were NSP, K and vitamin C (r 0.60-76).
Correlations between nutrients
withinand between-person variation?
Diferences between methods Food-frequency questionnaires v. PETRA-weighed records. Thirty-three questionnaires were excluded from the Oxford data due to missing information. Table 5 shows that both questionnaires significantly overestimated means of intakes of NSP, fibre, K and carotene when compared with the average of 16d weighed PETRA records. In addition, the Cambridge questionnaire significantly overestimated vitamin C and significantly underestimated energy, fat and Ca. The Oxford questionnaire significantly overestimated for most other nutrients. Table 6 shows that the differences in carotene, vitamin C and NSP were partly accounted for by the greater reported consumption of vegetables (approximately 120 g/d more) in both questionnaires than in the weighed records. Some of the portion weights used in the Oxford questionnaire were greater than those recorded on average in the weighed records (for example, carrots: 80 g questionnaire, 65 g weighed records) but others were the same or lower (for example, cabbage: 80 g questionnaire, 93 g weighed records). The portion weights used in the Cambridge questionnaire were very similar to those obtained on average over 16 d data from the weighed records, for example, carrots: 59 g questionnaire, 65 g weighed records. Hence the discrepancy in average total vegetable consumption was due to a greater reported frequency of consumption in the questionnaire methods than actually measured by the weighed records.
Consumption of another major contributor to NSP intake, wholemeal bread, was also overestimated by 16 and 14 g in the Oxford and Cambridge questionnaires respectively. Given the smaller portion sizes used in the Oxford questionnaire compared with the weighed records and the Cambridge version, this overestimation most likely arose from overestimation of frequency of consumption. However, the main proportional contributors to NSP were the same in all three methods, namely wholemeal bread (11-16%), apples (4-5 %), and muesli or breakfast cereal containing bran (4-9 YO). Carrots contributed 51 to 52 YO carotene in all three methods, and tomatoes, broccoli, spinach and lettuce between 4 and 6 % each. Much of the difference in vitamin C consumption found between the weighed records and the Cambridge questionnaire was due to overestimation of the frequency of consumption of orange juice and oranges, leading to a difference of 53 g in average reported daily consumption of orange juice, and a 30-g difference in consumption of oranges. Portion weights for these items were 143 g (weighed) and 139 g (questionnaire) for orange juice, and 116 g (weighed) and 11 8 g (questionnaire) for oranges. The two items made up 12 and 8 % vitamin C in the weighed records and 23 and 17% in the questionnaires respectively.
The major contributors to Ca consumption in the PETRA-weighed records were milk (225 g/d, 29 YO of total Ca intake), and cheddar cheese (10 g/d, 8 % of total Ca intake). However, daily milk consumption was overestimated by 150 g in the Oxford questionnaire and underestimated by 135 g in the Cambridge questionnaire (Table 6 ). As stated above, average portion sizes used or assigned were 567 and 59 g for the Oxford and Cambridge questionnaires respectively. Cheddar cheese was also overestimated by 15 g in the Oxford questionnaire, and the portion size of cheddar cheese used (60 g) was approximately double that recorded in the weighed records (31 g) and used in the Cambridge questionnaire (33 g).
These differences in milk and cheese consumption largely accounted also for the significant differences in energy, fat and protein found between the Oxford questionnaire and weighed records, and the discrepancies in milk consumption contributed to the differences in K, Ca and sugars. Coffee, which supplied 4 to 7% of dietary K, was overestimated by 160 and 50 g/d in the Oxford and Cambridge questionnaires respectively, and also contributed to the significant differences in reported K consumption. 24 h recalls v. weighed records. Table 5 shows that apart from vitamin C , starch, and alcohol there were no other differences between the weighed records and the unstructured 24 h recall in reported average intakes of nutrients. There were however significant overestimations in energy, fat, protein and sugars when the structured 24 h recall was compared with the weighed records. Significantly greater consumptions of beverages, mainly tea, coffee and water, in both types of 24 h recall, and of fish and potatoes in the structured 24 h recall were reported (Table 6) .
Seasonal variations contributed to the significantly lower estimate of vitamin C consumption by the unstructured 24 h recall method, since there was no significant difference between vitamin C assessed by the 24 h recall and by the 4 d of weighed records collected at season 1, the season closest to the collection of the 24 h recall ( Table 3 ). The significant difference in starch consumption was accounted for by a 10 g lower reported intake of bread in the 24 h recall and a 13 g lower reported intake of potatoes. In both methods, muesli contributed 4% to starch intake, potatoes 16% and bread 30%.
No clear reason for the significant overestimation of protein, fat and sugar in the structured 24 h recall was apparent, inspection of portion weight data revealing no obvious differences. Butter, cheese, polyunsaturated margarine and milk supplied 7, 4, 4, and 5 % fat respectively to the total in both methods, and cheese, bread, milk, chicken and muesli 4,5,8,2 and 1 YO protein respectively in both methods. Sugar, apples, marmalade, milk and orange juice supplied 7,4, 3, 10 and 3 YO to the total sugars in the weighed records; apart from a 4% contribution from sugar, the pattern was otherwise similar in the structured 24 h recall.
Structured 7 d checklist (food-frequency menu record) . Table 5 shows that the checklist underestimated mean Fe intake by 16% compared with the result obtained from the PETRA-weighed records. This was largely due to aggregation of the codes for breakfast cereals; of all possible Fe-enriched cereals, only those for muesli and All-Bran were used, and these supplied 0-7 mg/d according to the food-frequency record and 0.6 mg/d according to the weighed records. Other breakfast cereals were consumed in much smaller amounts and questions and codes for them were therefore not included in the checklist. However, in the weighed records the average daily consumption of only 2 g bran flakes and 1 g Sultana Bran contributed 0.8 mg and 0.3 mg Fe/d respectively.
Intake of fat was also underestimated but milk and fats were calculated to be consumed in significantly higher amounts in the checklist than measured on the PETRA weighed records ( Table 5 ). Butter, cheddar cheese, polyunsaturated margarine and whole milk were the main contributors to fat intake in both methods (21 YO weighed, 26 YO checklist). NSP consumption according to the checklist was also lower than according to the weighed records. Wholemeal bread, apples and muesli supplied the major proportion of NSP, 19 % in both cases, and differences in their consumption did not account for any of the difference in NSP between the two methods. There was however a significant difference in calculated vegetable consumption, particularly 'other' (not leafy or root) vegetables (other vegetables, weighed records 98 (SD 47) g, checklist 68 (SD 35) g, P < 0.001). Since portion weights for the checklist were similar to those of the weighed record, this difference must have been due to underestimation of the frequency of consumption in the checklist compared with weighed records.
Structured 7 d checklist with individual portion weights (food frequency menu record with  portions) . Table 5 shows that nearly all nutrients were assessed with a significantly higher mean intake by this method than by the weighed records, and Table 6 shows that intakes of cereal, milk, vegetables, potatoes and beverages were all significantly greater. Most of Table 7 . Daily food and nutrient consumption values obtained using an unstructured   7 d estimated-diet record compared with weighed   records completed by eighty-one women aged 50-65 yearst ( these differences were attributable to larger portion sizes estimated in this method where photographs were used. Examples of differences in average portion size include muesli 80 g v. 50 g weighed, carrots 130 g v. 65 g weighed, potatoes 160 g v. 108 g weighed, bread 84 g v. 50 g weighed.
Unstructured 7 d food diary (estimated 7 d record) . Table 7 shows that there were few differences in mean intakes of nutrients measured by this method compared with those measured by the 16d of weighed records and that these differences were no longer significant when compared with the averages of nutrients assessed at the same season the diary was administered, season 3. There were no significant differences in average food consumption between the two methods.
Agreement in individual results
Correlation coeficients. One hundred and forty-six individuals completed 4 d of weighed dietary records at each season. Table 8 shows Spearman rank correlation coefficients between the individual values obtained from each method and the averages of all 16 d Table 9 . Table 10 . weighed records. Correlation coefficients were highest for alcohol, and lowest for protein, Fe and carotene. The Cambridge food-frequency questionnaire performed least well on this analysis, with coefficients ranging from 0.13 to 0.41 excluding alcohol, compared with 0.39 to 0.57 in the Oxford questionnaire. Correlation coefficients between the 16 d weighed records and the Cambridge food-frequency questionnaire examined in groups 1 and 2 separately were, respectively, energy 0.38,0.27; fat 0.35,0.35; protein 0.16,0.09; starch 0.34,  0.45; sugars 0.53, 0.38; vitamin C 0.50, 0.32 . Correlation coefficients were of the same order for both 24 h recall methods, and ranged from 0.21 to 0.60 in the simple method and from 0.14 to 0.65 in the structured method with pictures to assess portion size. Correlation coefficients were highest for all three record methods, and tended to be of a greater magnitude between the 16 d of weighed records and the 7 d open-ended food diary. Fig. 3 shows plots of the individual values for energy (r 0-59), fat ( I 063), NSP (r 0.74) and vitamin C (r 0.70). Correlation coefficients between the 16 d weighed records and the 7 d checklist were also examined for groups 1 and 2 separately. Coefficients for groups 1 and 2 respectively were energy 0.55,065; fat 053,0.69; protein 045, 057; starch 0-67, 0.60; sugars 0.67, 0-69; vitamin C 068, 069.
Comparison of percentage misclassi$cation of results from seven dzerent dietary assessment methods into extreme quartiles
Classijication into quartiles. Tables 9 and 10 show the extent to which each method was able to classify individuals into the same quartile of intake and to misclassify into opposite quartiles. Alcohol was poorly classified by the 24 h recall but for other methods it was correctly classified in over 60% of individuals and less than 10% of individuals were misclassified. The food records tended to classify a higher proportion of individuals into the correct quartile, but otherwise little difference was evident either between methods or between nutrients. In general, methods correctly classified 30-50 % of individuals into their correct quartile of intake for most nutrients, and misclassified in extreme quartiles 0 to 10 YO. Overall the 7 d estimated record classified fewest individuals into the incorrect fourth of the distribution for most nutrients, although it was less accurate than other methods for retinol.
DISCUSSION
This comparison of various methods of dietary assessment was carried out on a group of individuals who had come through a number of stages of recruitment, so that only 15 YO of the initial population approached finally completed the study. Hence the average data reported here cannot be said to be representative of the true mean intake of women of this age living in the Cambridge area. Table 2 shows that, compared with the results gained from a representative sample of the UK population, the average results obtained from the weighed records in this group of women were generally greater. However, the aim of the present survey was to assess the ability of different survey methods to classify individuals into the distribution of values, rather than to survey the population mean.
Over the year, up to eighteen home visits were made to each individual by the study team to instruct in the methods being used, and to collect biological samples. Hence, the results obtained from each method must represent the 'best estimate' possible from a highly cooperative group of women. Further studies are under way in men and in a more representative population sample to determine whether similar results would be obtained from these groups. There was no evidence of a socio-economic bias in terms of ability to undertake dietary measurements in the present study, however, since there was no association between social class index and under-reporting (Bingham et al. 1994) .
The baseline dietary measurement was 16 d of weighed records using the PETRA system, divided into 4 d periods or seasons across 1 year. The validity of these measurements was in itself assessed from 24 h urine collections, as described elsewhere (Bingham et al. 1991 (Bingham et al. , 1994 . This protocol had previously been devised in order to accumulate sufficient numbers of observations to reduce the error associated with random (daily) within-person variation in nutrient intake to k 10% standard error on average for energy and energy-yielding nutrients, based on existing literature estimates (Bingham, 1987) . Table 3 shows that the estimates of within-person variation found in this survey are very similar to those reported previously from a variety of different population groups and that these limits of precision were achieved for energy and macronutrient intakes. However, the variability of micronutrients is greater and 16 d of weighed intake was associated with 30% standard error in the individual mean for vitamin C.
A major problem in nutritional epidemiology is that of collinearity, which interferes with the ability to distinguish the specific nutrient related to an end-point when nutrients are highly correlated. However, the majority of nutrients were not correlated in this study (Table 4 ). Fat intake was highly correlated with total energy, but not when considered as a percentage of total energy. The magnitude of correlations between sugar and starch was much less than those with total carbohydrates and energy, and would be considered separately in studies of diet and cancer.
The aim of the present investigation was to examine to what extent other methods, less troublesome for participants, could replace weighed records in the assessment of habitual diet for a large prospective study of diet and cancer. Despite the known problems of a single day's 24 h recall method, the simple unstructured version used in this survey compared surprisingly well with weighed records. Apart from comparatively small differences in starch intake, probably arising from differences in assigned portion weights for bread and potatoes, there were no major biases in average macronutrients or food group consumption compared with results obtained from weighed records. The difference in vitamin C consumption was no longer significant when the results were compared with those obtained from the 4 d weighed records kept at the same time of year at which the 24 h recall was filled in by the subjects, season 1. Although not intended to assess habitual diet, the simple 24 h recall was able to classify individuals to almost the same extent within the distribution as those methods which asked about food use over the year (the food-frequency questionnaires) as judged by comparisons based on correlation coefficients, and classification into appropriate quartiles. Since only a single 24 h recall was used, even closer agreement would be expected if repeat measures were to be available.
There is considerable discussion in the literature concerning the most appropriate statistical method for comparison of results in individual dietary surveys (Woolf, 1954; Bland & Altman, 1986; Willett, 1990) . Most published reports use the correlation coefficient to compare individual results within the overall mean, and these are reported here for comparison with these previous reports (Block, 1982; Willett, 1990; Nelson, 1991) . Correlation coefficients between the questionnaires and weighed records were generally in the order 0.4 to 0.6 for the Oxford version, and 0.3 to 0.4 in the Cambridge version (excluding alcohol). These are similar to values comparing a 131-item questionnaire with means of 14d records (not weighed) used in the recently published US male health professionals prospective study (Rimm et al. 1992) , and lower than those of 0 3 to 0.7 obtained between comparisons of a combined photograph booklet and 276-item questionnaire and means of 24 d of unweighed food records in men in Finland (Pietinen et al. 1988) . Comparisons with a single 24 h record and a sixty-five-item questionnaire in 433 UK men and women gave lower (0.2 to 0.4) values (Margetts et al. 1989) , as did a fifty-fouritem questionnaire and 7 d weighed record comparison in 119 men in South Wales, where Y values ranged from 0.27 for carbohydrate to 0.37 for total fibre (Yarnell et al. 1983) . Results from a microcomputer 120-item questionnaire gave similarly low correlation coefficients (0.16 to 0.37) when compared with those obtained from a 7 d weighed dietary record (Engle et al. 1990 ).
The use of correlation coefficients in this type of analysis has been criticized however, because the magnitude of coefficients depends partly on the range of observations (Woolf, 1954) . Without exception, high correlations between measures of alcohol consumption in questionnaires and other methods are obtained, due to the fact that a substantial proportion of the individual values obtained are zero. This is also true of the findings of the present study, where correlation coefficients for alcohol consumption were in the order of 0.9 for methods other than the 24 h recalls (Table 8 ). To avoid this criticism, an assessment of the ability of the simpler techniques to classify individuals into the same quartile of the population distribution as defined by the baseline method was also considered. Misclassification into extreme quartiles occurred to a greater extent with the food-frequency questionnaires and 24 h recalls than with the food record methods. Similar levels of misclassification using a 140-item food-frequency questionnaire which included estimates of portion size were achieved in a comparison against 8 d records (Mares-Perlman et al. 1993) .
Both statistical comparisons ranked the accuracy of simpler methods of dietary assessment in a similar way when compared with weighed records. Using both criteria, diet records gave the best agreement with weighed records. Generally there was little to choose between the 7 d estimated record (7 d diary) and the structured checklist (food-frequency menu record) version. The latter is precoded for computer nutrient analysis, and hence is capable of further development to allow machine readability in surveys of very large numbers of subjects, as is presently the case with food-frequency questionnaires. One advantage of this method is that there is no evidence of bias from overestimation of the frequency of food consumption, for example in vegetable consumption which occurred in both Oxford and Cambridge food-frequency questionnaires.
The inclusion of opportunities for subjects to assess their own portion size did not improve the accuracy of the checklist, rather the reverse. Overestimation from this method was explained by overestimation of portion size and it was not investigated further. However, inclusion of photographs in the 7 d estimated record and in the structured 24 h recall was not associated with greater error. Average portion weights obtained from the first 4 d of weighed records kept by subjects in group 1 were assigned to the checklist and Cambridge food-frequency questionnaire, rather than average portion weights published elsewhere (Crawley, 1988) , because these were more appropriate for an all-female population. Correlation coefficients between the checklist results and those obtained from the 16 d weighed records in group 1 were rather lower than those found in group 2, in which the portion size data would have been independent of the reference method. The relatively high level of agreement between the reference method and the checklist cannot therefore be attributed to common portion-size data. Correlation coefficients between the Cambridge food-frequency results and the weighed records were higher in group 2 than in group 1, but correlations from this method were generally low, and lower than those obtained from the Oxford questionnaire.
A key problem that cannot be resolved with 'list' or structured precoded methods of dietary analysis, both retrospective and prospective, is their inflexibility and inability to cope with a variety of dietary hypotheses likely to emerge over the course of a prospective study lasting several years. Although it is possible to develop questionnaires generating results that can be shown to be highly correlated with standard methods such as weighed records, this is only the case if single or related nutrients are of interest. The problem is much more difficult if the aim is to measure the total diet, as in prospective studies of diet and cancer where most nutrients and food groups have been associated either with protection or causation of cancer at different sites. Given a finite number of items that can be included in a questionnaire, the choice depends largely on the nutrients or food of interest at the time the questionnaire was devised and the accuracy of estimates of intake of items not originally assessed will remain in doubt (Sempos, 1992) . In the present study for example, estimates of starch and NSP using the checklist were relatively accurate, but the omission of two choices of Fe-fortified breakfast cereal led to significant bias in the overall mean Fe estimates.
Due to the concentration of interest on particular nutrients, comparative studies in the dietary survey literature do not usually investigate how well the primary information on food consumption relates to that obtained in the standard method. Investigation of this however emphasizes the importance of gaining accurate measures of both portion size and frequency of consumption. Both food-frequency questionnaires yielded evidence of overestimation of consumption of a number of categories of foods, especially vegetables. The problem of overestimation of frequency is well known in questionnaires and in the present survey, for example, vegetable consumption assessed by questionnaire was almost double that assessed from weighed records. This led to a significant overestimation of carotene, vitamin C and NSP in the food-frequency questionnaire results compared with the weighed records. Overestimation did not seem to be related to the length of the list of choices since the list differed in the two questionnaires used. When subjects were presented with the same list used in the Cambridge food-frequency questionnaire, but asked in the checklist to make their choices on a daily basis, rather than choose a category of frequency of consumption, overestimation did not occur. A further problem arose in the choice of portion sizes, particularly for milk. The importance of milk as a source of energy, protein, fat, Ca and sugars, and inaccurate estimation of consumption, led to significant under and overestimation respectively in the Cambridge and Oxford versions of the food-frequency questionnaires. A revised version of the Oxford food-frequency questionnaire, in which the format of questions concerning milk has been altered, is presently undergoing trials to see if this problem can be resolved. Despite these problems, reported correlation coefficients appeared to be no worse than those reported elsewhere in studies using this method.
The disadvantage of the structured 7 d diary method (estimated-food record) is the time needed to code it for nutrient analysis, although this has been shortened substantially with the computer program DIDO developed especially for use with this diary (F. Key, A. Paul, A. Harter, G. Price, T. Cole and M. Wadsworth, unpublished results). Furthermore, a nested-case-control approach is to be used in the UK arm of the EPIC study, so that it will be necessary to code only the estimated records for a few thousand of the 50000 subjects to be recruited. Preliminary studies have shown that compliance with this method is similar, and probably preferred by manual workers, to that obtained with the checklist. A significantly greater number of items were recorded by manual-graded civil servants in the open-ended 7 d diary than in the checklist, although there was no such difference amongst non-manual grades (M. Beksinska, personal communication).
Overall, the unstructured 7 d diary (estimated record) had the highest correlation coefficients and was able to classify a greater proportion of individual values into the correct quartile of the distribution. No bias in mean intakes of either food or nutrients was obtained, and Fig. 3 shows that results obtained from it were almost as good as those obtained from 16 d weighed records. For this reason, and because of the flexibility of a food diary in investigating any further hypotheses, it is to be used as the main method in the EPIC study, with repeat investigations as the cohort progresses over time.
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